A Gram-stain-negative, non-motile and coccoid-to short-rod-shaped bacterium, designated strain Dy73 T , was isolated from a microbial fuel cell that had been inoculated with rice paddy field soil and fed starch, peptone and fish extract as fuels. On the basis of 16S rRNA gene sequence phylogeny, strain Dy73
Microbial fuel cells (MFCs) are devices that exploit microorganisms to generate electric power from organic matter (Logan et al., 2006; . Recently, a newly configured MFC, named cassette-electrode MFC (CE-MFC), was developed. Its utility was demonstrated by using rice paddy field soil as a source of micro-organisms and a model organic waste (a mixture of starch, peptone and fish extract) as a fuel (Shimoyama et al., 2008) . Studies have also been performed to identify micro-organisms inhabiting CE-MFCs (Shimoyama et al., 2009; Watanabe et al., 2011) ; in these studies, molecular ecological analyses revealed that several Bacteroidetes sequence types occurred abundantly in CE-MFC, including sequence types CE38 (closely related to Parabacteroides merdae) and CE47 (closely related to Dysgonomonas mossii). Bacteroidetes sequence types have also been detected in other MFC reactors (Choo et al., 2006; Kim et al., 2006; Zhang et al., 2009 Zhang et al., , 2011 . Although no isolate of the phylum Bacteroidetes is known to be able to generate current in MFCs, the above results suggest that they may have some ecological roles in CE-MFC. In the present study, we isolated bacterial strains from a CE-MFC reactor that was fed the model organic waste, and one of these isolates, strain Dy73
T , whose 16S rRNA sequence was identical to sequence type CE47, was characterized.
Bacterial strains were isolated from a broth sample taken from the anode chamber of a CE-MFC during operation (Watanabe et al., 2011) . The broth sample was serially diluted and spread onto 1.5 % (w/v) Bacto-agar plates containing an inorganic medium (pH 7.0) that was used for CE-MFC (Shimoyama et al., 2008) . As carbon sources, 1.16 g peptone, 3.47 g starch and 1.16 g fish extract were also added to the plate medium (l
21
). The plates were incubated in anaerobic jars or pouches containing AnaeroPack-Anaero (Mitsubishi GAS Chemical) as an oxygen absorber and CO 2 generator for 2 weeks at 25 u C. Resulting colonies were picked and further purified by restreaking on new plates. Routine cultivation of an isolate was performed at 37 u C in a modified 1/10 PYGV medium (Kodama & Watanabe, 2008) O, 0.9 g NaCl, 1 g trypticase peptone (BBL), 0.5 g yeast extract (BBL), 2.5 ml 8 % (w/v) Na 2 CO 3 , 0.3 g L-cysteine-HCl . H 2 O, 2 ml vitamin mixture (Kodama & Watanabe, 2008) and 1 g glucose (pH 7.3). In physiological tests, a basal peptone (BP) medium that contained the inorganic ingredients of the modified 1/10 PYGV medium, 0.5 g l 21 trypticase peptone and 10 mM HEPES (pH 7.3) was used. The medium (10 ml) was infused into a test tube (18 mm in diameter6180 mm) under reduced copper-treated N 2 gas, and the test tube was sealed with a butyl-rubber stopper and capped with a screw cap (Sanshin Kogyo). Growth was monitored by measuring optical density at 660 nm (OD 660 ) using a miniphoto 518R (Taitec), and cell concentration was determined by direct counting of 4',6-diamidino-2-phenylindole stained cells under an epifluorescence microscope (Kodama & Watanabe, 2003) . Bacterial cells were stored at 280 u C in the modified 1/10 PYGV medium supplemented with 15 % (v/v) glycerol.
Motility, Gram staining and oxidase and catalase tests were conducted according to standard procedures (Smibert & Krieg, 1994) . Requirements of the X and V factors for growth were examined using discs (BD) and nutrient agar plates (Difco). Bile sensitivity was determined by adding bile salts (Oxoid) (0.5 %, w/v) to agar plates containing the modified 1/10 PYGV medium. For physiological and biochemical characterizations, the API ID32A and API 20NE systems (bioMérieux) were used. Fermentative growth was examined in the BP medium supplemented with a substrate at 1 g l
. Utilization of different electron acceptors was tested in the BP medium supplemented with 1 g l 21 glucose as the sole carbon source and sodium sulfate, sodium nitrate, sodium fumarate, ferric citrate (soluble iron), amorphic Fe(III) oxide (insoluble iron) (Lovley & Phillips, 1986 ) (each at 5 mM), 2 mM MnO 2 (Lovley & Phillips, 1988) or O 2 (the head-space N 2 gas was replaced with air) as the sole electron acceptor. All aforementioned tests were performed in at least duplicate. Organic acids were analysed by high-performance liquid chromatography (HPLC) as described by Ishii et al. (2008) . Glucose concentrations were determined using an F-kit (RBiopharm). Concentrations of ferrous iron and Mn (IV) were determined by the ferrozine method (Stookey, 1970) and the leucoberbelin blue method (Krumbein & Altmann, 1973) , respectively. Electricity generation in MFC was examined as described previously (Kodama & Watanabe, 2008) in the BP medium without HEPES at 37 u C.
Cellular fatty acids were analysed using a Sherlock Microbial Identification System (MIS), version 5.0 (MIDI), in which cells were anaerobically grown on Columbia agar base (BBL 211124) containing 5 % horse blood at 37 u C for 2 days, and the MIS TSBA40 library was used for identification. DNA G+C content was determined by a HPLC method (Katayama-Fujimura et al., 1984) . DNA-DNA relatedness was determined in triplicate by a fluorometric hybridization method (Ezaki et al., 1989) . The 16S rRNA gene sequence was determined as previously described (Kodama & Watanabe, 2008) , and compared to the GenBank database with the BLAST algorithm (Altschul et al., 1990) . Multiple alignments of the sequences were conducted by using the CLUSTAL W program (Thompson et al., 1994) . A phylogenetic tree was constructed by the neighbour-joining method (Saitou & Nei, 1987 ) using MEGA4 software (Tamura et al., 2007) . Positions where any sequence had a gap or ambiguous nucleotide were not included in the calculation.
From the broth of CE-MFC, over 50 colonies were isolated and subjected to 16S rRNA gene sequence analyses. Among these 50 colonies, one colony (named Dy73) had a sequence identical to that of sequence type CE47 which was detected in a CE-MFC (Shimoyama et al., 2009 ). Strain Dy73
T was able to grow in modified 1/10 PYGV medium and in BP medium supplemented with glucose. Colonies of strain Dy73
T on modified 1/10 PYGV agar plates were tiny (less than 1 mm in diameter), circular and translucent. Cells were Gram-stain-negative, non-motile and coccoidto short-rod-shaped (approximately 1 mm61.5 mm). Catalase and oxidase activity were not detected. Growth was observed on nutrient agar around X discs but not around V discs, suggesting the requirement of haem for its growth. Strain Dy73
T could not grow in the presence of 0.5 % (w/v) bile salts, indicating that it was sensitive to bile. ) with MnO 2 as the electron acceptor. Fe(II) was not produced from ferric citrate in the BP medium, whereas it was produced in the modified 1/10 PYGV medium (without cysteine), suggesting that the modified 1/ 10 PYGV medium contains nutrients essential for Fe(III) reduction. In this case, major metabolites were lactate (15.7 mmol l 21 ) and acetate (4.3 mmol l
). Mn(IV) was reduced when glucose or starch was added as the sole electron donor, but not with peptone and fish extract. Results of physiological and biochemical properties by using the API ID32A and API 20NE systems are described in the species description. In MFC, strain Dy73
T generated little or no electricity by oxidizing glucose (less than 0.1 mA cm
22
), but the current was drastically increased in the 
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presence of 0.1 mM 2-hydroxy-1,4-naphthoquinone (over 50 mA cm
22
).
The fatty acids (.0.1 %) of strain Dy73 T were anteiso-C 15 : 0 (31.3 %), iso-C 17 : 0 3OH (15.0 %), C 16 : 0 3OH (7.8 %), iso-C 15 : 0 (6.6 %), C 16 : 0 (5.3 %), C 15 : 0 (4.5 %), C 17 : 0 2OH (4.1 %), iso-C 16 : 0 3OH (3.7 %), iso-C 14 : 0 (3.3 %), C 18 : 2 v6, 9c and/or anteiso-C 18 : 0 (3.1 %), iso-C 17 : 1 I and/or anteiso-C 17 : 1 B (1.8 %), anteiso-C 13 : 0 (1.6 %), C 18 : 1 v9c (1.6 %), iso-C 16 : 1 I and/or C 14 : 0 3OH (1.6 %), iso-C 14 : 0 3OH (1.4 %), C 14 : 0 (1.3 %), C 15 : 0 3OH (1.1 %), C 17 : 0 3OH (1.0 %), iso-C 13 : 0 (0.7 %) and C 13 : 1 AT 12-13 (0.7 %). The genomic DNA G+C content of strain Dy73 T was 37.5 mol%. The DNA-DNA relatedness value between strain Dy73 T and D. mossii CCUG 43457 T was 34.8±1.6 % (mean±SD, n53).
Phylogenetic comparison of the 16S rRNA gene sequence from strain Dy73 T (Fig. 1) revealed that it was most closely related to D. mossii CCUG 43457 T (99.7 % 16S rRNA gene sequence similarity). This strain was isolated from a human clinical specimen of an abdominal drain (Lawson et al., 2002) . The second closest relative was Dysgonomonas gadei CCUG 42882 T (94.3 %) isolated from an infected human gall bladder (Hofstad et al., 2000) , and the third and fourth were Dysgonomonas hofstadii CCUG 54731 T (92.8 %) isolated from a human clinical sample of a postoperative abdominal wound (Lawson et al., 2010) and Dysgonomonas capnocytophagoides CCUG 17996 T (91.5 %) isolated from a human clinical specimen (Hofstad et al., 2000) . In addition to these isolates, strain Dy73
T showed 16S rRNA gene sequence similarity to some uncultured bacterial clones that were retrieved from MFC reactors inoculated with activated sludge, domestic wastewater, or anaerobic digester slurry; these included GG8 (GenBank accession no. JF736643, 99.7 %), copi36 (AY563459, 97.8 %), MFC-B162-D09 (FJ393099, 96.9 %), MFC63F06 (FJ823922, 94.2 %), MFC63C08 (FJ823891, 93.9 %), CFC46 (JF736654, 93.9 %), and CNTD10 (HQ728219, 91.7 %), suggesting that relatives of strain Dy73
T are widely distributed to MFC reactors.
Features of strain Dy73
T that differentiate it from recognized species of the genus Dysgonomonas are summarized in Table 1 . Strains belonging to other species in the genus Dysgonomonas were isolated from human clinical specimens (Hofstad et al., 2000; Lawson et al., 2002 Lawson et al., , 2010 , while strain Dy73
T was isolated from a CE-MFC bioreactor with paddy field soil as the inoculum. In addition to habitats, other distinguishing features include 16S rRNA gene sequence, DNA G+C content, bile resistance, substrate utilization patterns and fatty-acid composition. Although strain Dy73 T and D. mossii CCUG 43457 T are nearly identical based on 16S rRNA gene sequences (99.7 % sequence similarity), some important characteristics (bile resistance, fermentative substrates and fatty acid composition) of strain Dy73
T were different from those of D. mossii CCUG 43457 T . In addition, the definition of a species would generally include strains with a DNA-DNA relatedness of 70 % or greater (Wayne et al., 1987; Stackebrandt & Ebers, 2006) , and the DNA-DNA relatedness value between strain Dy73 T and D. mossii CCUG 43457 T was only 34.8 %. From these data, strain Dy73
T is considered to represent a novel species in the genus Dysgonomonas, for which the name Dysgonomonas oryzarvi sp. nov. is proposed.
Description of Dysgonomonas oryzarvi sp. nov.
Dysgonomonas oryzarvi (or.yz.ar9vi. L. fem. n. oryza rice; L. n. arvum a field; N.L. gen. n. oryzarvi of a rice field, the source of type strain).
Cells are Gram-stain-negative, non-motile, coccoid-to short-rod-shaped. Colonies on modified 1/10 PYGV agar are tiny, circular and translucent. Catalase-and oxidasenegative. Facultatively anaerobic. Growth is observed on nutrient agar around X but not V discs, suggesting a requirement for haem. Does not grow in the presence of bile salts, indicating sensitivity to bile. Utilizes glucose, Dgalactose, L-arabinose, D-xylose, cellobiose, maltose, lactose, sucrose, D-mannose, D-ribose, L-rhamnose, fructose, raffinose and starch as fermentative substrates, but not trehalose, D-sorbitol, D-mannitol, peptone or fish extract. The major fermentation product from glucose (1 g l
21
) in the BP medium is lactate, and lactate and acetate in the modified 1/ 10 PYGV medium. Utilizes oxygen, fumarate, ferric citrate and MnO 2 as electron acceptors in the presence of glucose, but not nitrate, sulfate and amorphic Fe(III) oxide. Mn(IV) is reduced with glucose and starch as sole electron donors. In the API ID32A system, nitrate is not reduced to nitrite, urease is not detected, indole and a-fucosidase may or may not be produced, and acid is produced from mannose and raffinose. Positive reaction in tests for N-acetyl-b-glucosaminidase, alanine arylamidase, alkaline phosphatase, aarabinosidase, a-galactosidase, b-galactosidase, a-glucosidase, b-glucosidase, leucyl glycine arylamidase, b-galactosidase 6-phosphate and glutamyl glutamic acid arylamidase. Arginine dehydrolase, arginine arylamidase, b-glucuronidase, glutamic acid decarboxylase, glycine arylamidase, histidine arylamidase, leucine arylamidase, pyroglutamic acid arylamidase, serine arylamidase, tyrosine arylamidase, phenylalanine arylamidase and proline arylamidase are not detected. In the API 20NE system, aesculin is hydrolysed but gelatin is not. The major cellular fatty acids are anteiso-C 15 : 0 , iso-C 17 : 0 3OH and C 16 : 0 3OH.
The type strain, Dy73
T (5JCM 16859 T 5KCTC 5936 T ), was isolated from a broth sample taken from a microbial fuel cell. The genomic DNA G+C content of the type strain is 37.5 mol%.
